Multiple states of the Tyr318Leu mutant of dihydroorotate dehydrogenase revealed by single-molecule kinetics.
Dihydroorotate dehydrogenase (DHOD) from Escherichia coli is a monomeric membrane-associated flavoprotein that catalyzes the oxidation of dihydroorotate to orotate. By using confocal fluorescence spectroscopy on the highly fluorescent Tyr318Leu DHOD mutant, we studied the catalytic turnover of single enzyme molecules through the characteristic on-off fluorescence signal, which corresponds to flavin mononucleotide (FMN) interconverting between the oxidized and reduced states during turnover. Our single-molecule data provide evidence of a distinct static heterogeneity in the enzymatic activity, with some molecules going through the on-off cycles 5-fold faster than others, however, there is no detectable dynamic disorder in DHOD turnover. When 0.1% reduced Triton X-100, a detergent that more closely simulates the natural membrane environment, is added, our data suggest the degree of static molecular heterogeneity is reduced. The observation of static heterogeneity suggests that the enzyme, which associates with the membrane in vivo, is present in distinct conformations that result in different catalytic efficiencies. The alternate conformations are most likely the result of the loss of van der Waals or other interactions between tyrosine 318 and FMN in the catalytic site with the mutation of Tyr318Leu, which disrupts the native structure of wild-type DHOD.